v" A consecutive, unselected series of 82 patients with epidural hematoma treated between 1973 and 1980 is presented. Forty-one patients were managed before the advent of computerized tomography (CT) and the other 41 after this neuroradiological method was available. Mortality and disability rates which were 29.2% and 31.7% during the pre-CT period decreased to 12.1% and 19.5%, respectively, with the aid of CT scanning. This technique allowed a more rapid and accurate diagnosis of the hematomas than angiography, and defined better the presence and the evolutional changes of the associated cerebral lesions. As a consequence, surgery has been more effectively planned and executed during the CT era.
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computerized tomography 9 head injury 9 intracranial pressure 9 extradural hematoma E XTRADURAL hemorrhage is one of the most threatening lesions in patients with craniocerebral trauma, and early diagnosis is essential for its adequate management. Mortality rates are 20% or higher in most series. 7,~,1s,18,' 9 The value of computerized tomography (CT) in the assessment of severe head injury is now widely recognized, l's'8'xS,~~ The aim of this paper is to analyze the impact of the introduction of this technique in the management of patients with extradural hematomas. For this purpose the clinicopathological findings and the final outcome of two groups of patients treated by us before and after the availability of CT are compared.
Clinical Material
This series includes 82 patients suffering traumatic extradural hematomas who were operated on between October, 1973, and May, 1980. They represent 2.7% of the total 2900 head-injury patients admitted to our department during this period. Our hospital serves 1.7 million people, and admits patients with acute and subacute head injuries from an area of 150 km to the south of Madrid. Transportation of patients is always by road. Since November, 1977, an EMI brain scanner with a 160 • 160 matrix has been available, working around the clock except for technical failure.
Forty-one patients in this series were treated before the advent of CT (pre-CT period), and the other 41 after this technique was introduced (CT period). There were 69 men and 13 women. Admittance per year and age distribution related to mortality are shown in Tables 1 and 2 . For unknown reasons, 1979 was a year with an unusually high rate of admissions. The cause of injury was traffic accidents in most instances (45 automobile, 10 pedestrian). Direct trauma to the head occurred in 15 patients, a fall from a height in eight, and a fall at ground level in four. Accidents at work, alcohol, assault, mental retardation, and epilepsy were factors involved in eight, six, four, three, and one instances respectively. 
Results

Outcome
Final outcome was tabulated according to the method of Jennett and Bond, 11 in the following categories: death, persistent vegetative state, severe and moderate disability, and good recovery (Table 3) . Seventeen patients died, so the overall mortality in this series was 20.7%. However, it was 29.2% in the pre-CT period and 12.1% in the CT period, the difference being statistically significant (• 7.75; p < 0.01). The rates of disability were 31.7% and 19.5% in these two periods, respectively (x 2= 3.7; p > 0.05). Severe disability in the first period was double that of the second, and it must be remarked that four disabled patients in the CT group have not yet reached the end of the evaluation period. Table 4 shows the incidence of associated extracranial injuries and the clinical symptoms and signs observed at admission. F. Cordob6s, et al. Changes in the level of consciousness related to mortality in the whole series are summarized in Table  5 . Twenty patients (24.3%) were unconscious from the outset and did not regain consciousness before operation. Of these, death occurred in seven patients in the pre-CT period, and in the CT period in three who were operated on in a deep coma. Thirty-five patients (42.6%) lost consciousness at the time of the impact, recovered for a lucid period of variable duration, and then lost consciousness again; those with a shorter lucid interval in this group were more likely to die. Six more patients (7.3%) sustained no initial loss of consciousness, but subsequently became unconscious and remained so until surgery; one patient who was posturing in this group, died because of an associated ruptured spleen. Only 13 patients (15.8%) were initially unconscious but recovered and remained alert until surgery; among these was the oldest patient in this series, who died 7 days after the operation because of a bilateral pneumonia. Finally, there were eight patients (9.7%) who did not lose consciousness at any moment during the evolution of their illness, and none of them died. Table 6 shows the neurological status of the patients just before operation and the mortality rate. The number of patients who came to surgery without focal signs or severe neurological deterioration (anisocoria, bilateral mydriasis, or posturing) was significantly lower in the pre-CT era.
Clinical Presentation
Site of Hematoma
The location of hematomas is reflected in Fig. 1 . A frontal location was found most often in young people. Occipital and temporoparietal locations had no preference for any age. The only clot in the posterior fossa occurred in a 9-year-old girl. A lucid interval was recorded in 50%, 36%, 40%, and 25% of the patients with temporal, parietal, frontal, and occipital clots, respectively. Occipital hematomas had a benign course, whereas two of three frontal lesions observed during the pre-CT period had 
FIG. 2. Upper." Form of the epidural hematomas as seen
by the computerized tomography (CT) scan, and its relative frequency. There were 31 double convex hematomas (asterisk represents a bilateral one), two bilenticular double convex, four single convex, and two irregular forms. Lower:
Illustrations of the effect of the clots upon the ventricular system as seen by the CT scan. The crosses in these figures represent the number of deaths.
a malignant course because of a delay in diagnosis. The clot in the posterior fossa became chronic in a patient who was always fully alert. Death was associated with hematomas in the temporal (seven), parietal (three), and frontal (two) regions in the pre-CT period, and in the temporal (four) and frontal (one) areas during the CT era.
Radiology
Sixty-eight patients had plain films of the skull at admission. All patients who were unconscious had x-ray films during the pre-CT period, but only onehalf in the same category were radiographed during the CT era. A fracture was identified in 52 cases (76.4% of those having plain skull films). Fracture lines crossing the meningeal vessel grooves were seen in 29 instances. Fractures that had not been identified on radiography were observed at surgery in eight cases. There was no apparent fracture in eight other cases. Multiple fractures were seen in four patients, depressed fractures in nine, and fractures contralateral to the h e m a t o m a site in two.
Carotid angiography was performed in 24 patients during the pre-CT period. In three instances, the examination was bilateral. The average time employed to perform angiography was 40 minutes. This study was achieved in half of the patients who were unconscious from the outset. A relatively typical lentiform avascular area was discovered in half of the cases. The pathognomonic inward displacement of the meningeal vessels was appreciated in two instances. In the remainder of cases, minor local vascular displacements were observed. Traumatic meningeal artery aneurysms or vasospasm were not seen. Scan showing an irregular epidural hematoma which coexisted with a contralateral temporal contusion.
patients, two of whom died. Eight patients had a normal or minimally displaced midline, and five of these also died.
Computerized tomography was performed in 37 patients immediately after admission. Three additional patients had had direct surgery and were scanned just after the operation. The average time needed to perform CT examination was 15 minutes. Of the 12 patients in the CT period who were unconscious from the outset, 11 underwent CT scanning. Sequential scans were obtained within 48 hours of operation in 20 patients, at 2 weeks in 16, and at 1 month or later in 20. Figure 2 shows the form of the clots as seen by CT scan. A double convex appearance was seen most commonly; bilenticular h e m a t o m a s were observed in 2 instances (Fig. 3) . Both of these types of clot followed acute courses; however, two double convex h e m a t o m a s showed a contrast rim enhancement and evolved chronically in patients with papilledema. Mixed hypo-and hyperdense areas were observed in five cases within double convex hematomas that followed an extremely acute course. Clots with a single convex appearance coincided with a depressed skull fracture and underlying contusion in two cases. Two patients with irregular temporobasal clots had papilledema; one of these had been initially diagnosed as harboring a temporal lobe contusion (Fig. 3) . The ventricular system appearance on admission CT scan is shown in Fig. 2 . Midline shifts greater than 5 mm were observed in 12 patients. All the patients who died had septum displacement of 10 m m or greater.
Control scans showed resolution of midline shifts within a period of 24 hours after the operation in cases free of associated lesions, and this was true irrespective of a favorable or adverse clinical evolution. (48.7% of the scanned cases). In two patients who underwent direct surgery, concomitant lesions were diagnosed in a routine control scan. As is shown in Table 7 , contusions were the most c o m m o n associated injuries. Two patients had the so-called "diffuse brain swelling. ''2,14,23,2~ Despite their size, five small h e m a t o m a s (Fig. 4) were badly tolerated because of associated lesions.
Among the 29 patients having associated lesions, 16 were always unconscious, six had a lucid interval shorter than 6 hours, and three were fully conscious throughout the evolution of their illness. There were nine deaths (31%) in this group, and 10 patients (34.4%) were disabled. Two of four cases with associated bilateral contusions had a fatal outcome, and the two patients with concomitant diffuse brain swelling deteriorated to severe disability in one instance and to death in the other. posterior fossa. 4 Mild hydrocephalus was discovered 1 month after surgery in three patients who made a good recovery. A delayed ipsilateral hygroma was seen in one case. Hemorrhagic contusion enlargement following clot removal, as described by Taneda and Irino, 24 occurred in three cases. Delayed hypodense areas underlying the h e m a t o m a site were observed after operation in five patients without associated lesions. Intracranial air was found in three cases.
A s s o c i a t e d Lesions
Concomitant brain lesions were diagnosed in 29 cases of the total series (Table 7) . During the pre-CT period they were angiographically diagnosed in six cases (25% of the cases undergoing angiography), and discovered at operation in three more. During the CT era, associated lesions were seen in 20 instances
S u r g e r y
Exploratory burr holes were made in 17 patients during the pre-CT period, and in only three during the CT period. Five patients had bilateral burr holes in the former period, and none in the second. The mortality rate in cases so managed during the pre-CT period was 29.4%, and the three patients operated on without CT scan in the later period made a good recovery.
Osteoplastic craniotomy was performed in 12 patients of the pre-CT group and in 21 of the CT era. The remainder of patients in both groups underwent craniectomy. Reoperation because of associated lesions or incomplete clot removal was needed in nine and one instances, respectively.
The source of bleeding was identified as arterial in 50 cases. Bleeding was from veins or bone in eight cases, and of unknown origin in the remainder of the patients. Intracranial pressure (ICP) was recorded postoperatively in five and 17 patients of the pre-CT and CT periods, respectively. It was continuously measured either at intraventricular or epidural levels for intervals ranging from 2 to 7 days. Mean ICP was below 20 mm Hg in 13 cases, between 20 and 40 mm Hg in six, and above 40 mm Hg in three (Table 8) . Low ICP levels were likewise observed in five patients with epidural hematomas only, and in eight with associated lesions. Low ICP was unrelated to the final outcome, although it coexisted with decerebrate rigidity in four cases. Mean ICP of 20 mm Hg or higher was recorded only in patients with associated lesions, and in all these cases intracranial hypertension was treated aggressively. In one of the three patients with an associated contusive lesion and severe intracranial hypertension, the latter was successfully controlled with thiopentone after other conventional measures had failed. In another patient who had diffuse brain swelling (Fig. 4) , the raised ICP could not be controlled by thiopentone, and the patient died.
Discussion
Hooper ~ has considered a mortality rate of 10% as "reasonable" for patients with epidural hematomas treated in neurosurgical centers. With the introduction of the CT scanner, this goal will probably be attained or even overcome in hospitals with this facility. Zimmerman, et al.) 7 reported one death (7%) among 14 patients with epidural hematomas treated in the CT era. We have shown that mortality and disability rates were decreased during the CT period as compared with the pre-CT era. In this discussion we will analyze the factors that were similar and differed in the management of patients between these two periods.
The age of the patients, the location of the clot, and the existence of associated extracranial injuries are factors known to influence the final outcome of patients with epidural hematomas. 7'ga~ Both a temporal location of the clot and advanced age increased mortality in our series. However, these factors were distributed almost evenly between the pre-CT and CT periods, so they did not contribute to the difference observed in the outcome of patients. Other factors, such as transportation time from the place of the accident or from local hospitals, alcohol addiction of the patients, and the surgeons' skill did not change significantly throughout the total period. Although there were no differences in the clinical status at admission in this series, the neurological condition just before operation was considerably better in patients managed during the CT era. There were two reasons for this: 1) the average time needed to obtain a CT scan was one-third that used to perform a carotid angiogram, and 2) CT scanning is indicated earlier than more invasive neuroradiological studies. Many patients with skull fracture who complained of headaches or showed minimal focal signs during the CT era were diagnosed as having an epidural hematoma and were operated on before they presented any loss of consciousness or anisocoria. On the contrary, most patients arriving at the hospital in a similar condition during the pre-CT era did not undergo angiography until one or both of the latter threatening signs had begun to develop. This was particularly true for patients with frontal clots. Two avoidable deaths occurred because of a delay in diagnosis among three patients with hematomas in a frontal location during the pre-CT period. Similar errors in management of frontal epidural hematomas have been reported by other authors. 8asae Only one of eight patients with similar lesions died during the CT era; however, in this case death was due in part to the presence of an associated lesion. The importance of diagnosis of an extradural hematoma in an alert patient becomes obvious when the high proportion of cases with a lucid interval in our series (42.6%) is considered. Not only was the number of patients who were alert going into surgery significantly greater during the CT period, but the frequency of lateralizing signs was also less marked, implying a decrease in the disability rate. Associated brain lesions in patients with epidural hematomas adversely affect the final outcome? ,x~ Mortality and disability rates in cases with accompanying lesions in this series were considerably higher than the average (31% and 34.4% as compared to 20.7% and 25.6%, respectively). The existence of other injuries not only implies additional cerebral damage, but also decreases the tolerance of the brain to the presence of the extradural mass. We have observed that the volume of the clot necessary to produce neurological deterioration was less in patients with associated contusive lesions or diffuse brain injuries. It seems, therefore, that the existence of concomitant lesions calls for even more aggressive treatment of the patients. In our experience, the presence of associated lesions was more easily and accurately defined with the aid of the CT scan than with angiography. The number of such lesions discovered with the former procedure was double that of the latter, maybe partly due to the fact that recently produced cerebral contusions do not cause vascular displacement. This suggests that many associated lesions were overlooked during the pre-CT period, in which case these undiagnosed injuries might have contributed to the poorer outcome observed during this period.
Computerized tomography surpasses angiography not only in the initial diagnosis but also in the postoperative follow-up evaluation of the patients? a8 It is well known that contusions evolve by increasing their size, so CT controls were performed in our patients when indicated by the patient's clinical condition or the ICP changes. During the pre-CT period, only seven patients underwent control angiography.
Apart from the clear definition of frontal and occipital hematomas, CT permits recognition of certain unusual types of extradural clots. Double convex hematomas are well known, 5,xS,SSa4 but, to our knowledge, bilenticular and irregular forms have not yet been reported. We have fully identified two cases of bilenticular hematoma, and believe that, with angiography, one of the two parts of these collections could have been missed, causing a subsequent therapeutic error. We have also seen two cases of irregular epidural hematoma; in one of these cases the lesion was thought to be a contusion and its true nature was only found at a later operation (Fig. 3) .
Although there was no delay in diagnosis during the CT period in our series, we want to raise the question of the indication for direct surgery in head-injury patients presenting with anisocoria or decerebration. Three patients, in serious neurological condition who were taken to the CT room, which is located 4 minutes from the emergency room in our hospital, deteriorated during the examination and died after the operation. However, three other patients, who were admitted in a similar clinical state and who had direct surgery, made a good recovery. During the CT period, unnecessary burr holes were made in two patients who were subsequently diagnosed as having bilateral contusions. Since surgery has been more rapidly undertaken and accurately performed during the CT era, we believe that the controversial subject of exploratory burr holes in certain cases of acute head injuries remains open to discussion.
It has been demonstrated that aggressive treatment of intracranial hypertension resulting from acute head injuries improves the final outcome of patients, x2,18,xTal The improved results obtained by us in patients with epidural hematomas during the CT period might be partially due to the fact that we recorded postoperative ICP in three times more cases during this period than during the pre-CT era. As we stated above, the number of associated lesions discovered by means of the CT scan was double that revealed by angiography, and we consider it mandatory to monitor ICP following hematoma removal in patients with concomitant lesions. At the present time, we believe that ICP must be recorded continuously in all patients with postoperative coma. Monitoring can be discontinued if pressure remains normal for 1 or 2 days in patients without associated injuries, but should be more prolonged in cases with other lesions. We have shown that low postoperative ICP has no prognostic value; however, high pressure levels seem to be related to poor outcome.
In conclusion, we believe that the improved results obtained during the CT era in the treatment of patients with epidural hematomas are due to a more rapid and accurate definition of the hematoma itself and recognition of the presence and evolutional changes of associated lesions. More effective surgery and better planned postoperative treatment are therefore possible.
